Background: Prenatal care has been validated to provide medical and educational counselling intended to reduce the risk of adverse pregnancy conditions and improve the maternal and fetal outcomes. Prenatal targeted information regarding nutrition, lifestyle, and weight gain is predictive of meeting Institute of Medicine (IOM) 2009 gestational weight gain (GWG) guidelines. There is limited information about women's experiences with these prenatal counselling domains, particularly in women who do not meet GWG recommendations. The objective of this study was to evaluate the impact of women's recall of prenatal counselling and its effect on meeting their GWG within guidelines in a prospective, community-based pregnancy cohort. Methods: A sample of 2909 women with singleton pregnancies was drawn from the prospective communitybased pregnancy cohort All Our Families from Alberta, Canada. Women were stratified into three GWG groups, adequate, inadequate, and excessive GWG, based on pre-pregnancy BMI and the adherence to the Institute of Medicine weight gain in pregnancy guidelines. At less than 25 and 34 to 36 weeks' gestation, maternal sociodemographic information and women's recall of prenatal counselling experiences was collected through selfadministered questionnaires. Multivariate logistic regression analyses tested GWG strata impact on women's recall of the prenatal counselling advice in eight domains of nutrition, lifestyle, and weight management during pregnancy.
Background
Non-optimal gestational weight gain (GWG), whether excessive or inadequate, is associated with increased risk of poor maternal and fetal outcomes [1] [2] [3] [4] [5] [6] [7] . Maternal obesity and excessive GWG are associated with pregnancy complications (preeclampsia, gestational diabetes, fetal macrosomia), increased risk of interventions at delivery (induction of labour, shoulder dystocia, caesarean section, operative delivery), and increased perinatal morbidity and mortality [1] [2] [3] [4] . Inadequate GWG increases the risk of preterm birth, low birth weight, and poor fetal development [5, 6] . GWG is a complex biological phenomenon, and the mechanisms through which non-optimal GWG mediates pregnancy and fetal adverse effects, including genes, environment, independent intergenerational programming effects, and a life-long persistent metabolic phenotype are not well understood [7] [8] [9] [10] [11] . Thus, pre-conception healthy weight and achieving appropriate GWG in pregnancy are important in promoting positive short-and long-term maternal and fetal outcomes [12] .
As GWG is a modifiable risk factor, pregnancy represents an window of opportunity to initiate preventative measures [13] . Pregnant women may be more receptive and motivated for behavioral and lifestyle changes during this period given concern for their baby's health [14] . Prenatal care has been endorsed to identify mothers at risk and provide them with targeted information regarding nutrition, lifestyle, and weight gain during pregnancy. Guidelines and recommendations have been developed to aid health professionals in counselling women regarding the potential risks and adverse outcomes of obesity and non-optimal GWG. The guidelines endorse individualized measures to improve lifestyle behaviours, dietary intake, and physical activity prior to and during pregnancy to promote healthy weight, gain weight within the guidelines, and return to a healthy weight after delivery [15] [16] [17] . There is limited evidence, however, regarding women's knowledge of the risks of obesity, weight gain during pregnancy, and the consequences of excess body weight on their own health and that of the offspring, their awareness of GWG guidelines, or effective management strategies.
Studies indicate that the quality and quantity of information pregnant women receive from health professionals varies widely [18] . Provision of information on obesity guidelines and appropriate weight gain by health care professionals to pregnant women is predictive of women meeting GWG guidelines [19] . Nevertheless, one-time counselling and advice for healthy eating and exercise may be insufficient to help most women, particularly those with multiple risk factors or other health concerns. Ongoing conversation over the course of pregnancy and adjusted, targeted interventions may be more effective [20, 21] . There is limited information, however, about women's experiences with effective prenatal counselling, particularly in women who do not meet GWG recommendations. Very little is known about what information is significant and memorable and how women receive and retain this information that influences GWG goals and healthy pregnancy lifestyle.
In this study we aimed to evaluate the impact of women's recall of prenatal counselling on meeting GWG guidelines in a prospective cohort of low risk pregnancies.
Methods

Study design
Data for this study were drawn from the All Our Families (AOF), a prospective, community-based, low risk pregnancy cohort from Calgary, Alberta, Canada.
The study methodology including setting, population, eligibility, and recruitment has been described in detail elsewhere [22] . Briefly, the AOF is a prospective cohort study designed to examine the determinants of maternal, infant, and child outcomes and identify barriers and facilitators in health care utilization. The AOF study enrolled pregnant women who received prenatal care in primary care offices from the Calgary metropolitan area, between May 2008 and December 2010. Women were eligible if older than 18 years, able to read and write in English, and less than 24 weeks pregnant at the time of recruitment. Structured questionnaires were administered at less than 25 weeks, and at 32 to 36 weeks gestation. The data collected included information on women's demographics (mother's age, marital status, education, race, and socioeconomic status), pregnancy and health history, lifestyle (cigarette smoking, substance use prior and during pregnancy, physical activity), and health care utilization, including women's experiences with prenatal counselling.
The information from questionnaires was linked via unique identifier (health care number) to the electronic health records for labour and delivery. Health records contained additional details on pregnancy and delivery not captured by the surveys (onset of labour, delivery method, child's sex, birth weight, gestational age). The dataset also included information on number of prenatal visits and type of health care provider. For this study, women with multiple pregnancies, non-cephalic presentations, preterm deliveries, or missing information regarding prenatal counselling were excluded from the analysis. This resulted in the inclusion of 2909 women with low-risk pregnancies who delivered at term, singleton, live-born infants.
The questionnaires explored the level of counselling women received in eight different domains of prenatal care following the Society of Obstetricians and Gynecologists of Canada (SOGC) Clinical Practice Guidelines [23] . Women were asked whether they had been counselled on nutrition, vitamin and mineral supplements, alcohol consumption, exercise and active living, appropriate weight gain throughout pregnancy, working during pregnancy, non−/prescription drug use, and cigarette smoking, including exposure to second hand smoke. The survey also included questions exploring the level of comfort and satisfaction of the patients during the encounter with their health care provider: i) Do you feel comfortable asking a question to your prenatal care provider about your pregnancy? ii) Are you able to get an answer that you are satisfied with and can act on if necessary? The questions were dichotomous, with "yes or no"-type answers.
Variables and statistical analyses
Maternal body mass index (BMI) was calculated from self-reported pre-pregnancy weight and height. [24] . Pregnancy weight gain was determined using the mother's weight prior to delivery (at the time of the last administered survey) subtracted from the pre-pregnancy weight. Pre-pregnancy BMI allowed subsequent stratification of women into three GWG groups based on the adherence to the Institute of Medicine (IOM) 2009 guidelines recommendations on weight gain in pregnancy [12] : appropriate, inadequate and excessive. The number of prenatal visits was examined and categorized as 'less than 6' (≤ 6) and '7 or more' (≥ 7). Frequency of exercise per week was classified as 'two times or less' or 'three times or more'. Cigarette smoking and other substance use during pregnancy, were coded as 'yes' or 'no'. Gestational age was determined by ultrasound in the first trimester of pregnancy [25] .
Descriptive statistics, proportions, means and standard deviations, were generated for continuous and categorical variables for the sample characteristics and outcomes. Bivariate analyses (chi-square, regression) assessed the relationship between women's socio-demographic and pregnancy characteristics and maternal GWG category.
Multivariable logistic regression analysis evaluated the association between GWG category, and the type of prenatal counselling received, controlling for confounding variables: age, ethnicity, education, income, parity, time in Canada. Odds ratios and 95% confidence intervals were calculated for all models, which included only significant predictor variables for the considered outcome. All statistical analyses were performed using the IBM SPSS for Windows statistical software package, version 22.0 (IBM SPSS, Chicago, IL).
Results
From 2909 women in the study, 1808 (62.2%) were normal weight, 647 (22.2%) were overweight, and 322 (11.1%) were obese prior to pregnancy. Approximately one third of women, 35.9%, gained the appropriate amount of weight, almost half, 46.5%, gained more, and 17.6% gained less weight when compared to IOM 2009 recommendations for each BMI category. Overweight and obese women were more likely to gain excessive weight during pregnancy than normal weight women (unadjusted odds ratio, uOR 3.3, 95% CI 2.6-4.1 for overweight and uOR 2.9, 95% CI 2.1-3.9, respectively; p < 0.001). (Additional file 1: Figure S1 ).
Socio-demographic characteristics, lifestyle, and obstetrical details of participants were stratified by GWG (Table 1 ). The average age of the participants was 30.7 years (SD 4.6 years) and the mean BMI was 24.2 (SD 5.0 kg/m 2 ). The majority of women were Caucasian (79.5%), had attained higher education (post-secondary and higher) (90.2%) and had a household income higher than 60 K CAD (the province of Alberta annual median income of a urban family with children at the time of the study) (83.4%). Women who gained excessive weight were more likely to have been born or have lived in Canada > 5 years (92.2%) and be employed in full-time jobs (72.8%).
There were significant lifestyle differences between the three groups of women. Women who gained excessive weight were more likely to lead a less active lifestyle during pregnancy, exercising less often than prior to pregnancy as compared to women who gained the recommended GWG (p < 0.001). Furthermore, these women were more likely to smoke and use recreational drugs during pregnancy than women with adequate GWG (p = 0.006). There were no differences in parity, rates of preterm birth, or gestational age at delivery between women with adequate and non-optimal GWG. Women with excessive GWG were more likely to have induction of labour and be delivered by caesarean section (p = 0.047, and p = 0.045, respectively) than women with adequate GWG.
Prenatal care in women with adequate and non-optimal GWG is described in Table 2 . More than 90% of women recalled having no difficulties in finding prenatal care services. Among the reasons cited by the women who reported difficulties in finding a care provider (10%), the most frequent motive was not finding a doctor or midwife who were currently accepting prenatal patients. Other reasons women reported were: lack of transportation to and from the clinic, lack of child care, stress, cultural beliefs, lack of awareness of such services being available, fear about pregnancy or delay in suspecting pregnancy. There were no differences between the GWG groups regarding the difficulties in obtaining prenatal care. May not add to N = 2909 participants due to missing data SD standard deviation *p-value < 0.05 significant
The majority of women (97%) reported feeling comfortable in asking questions, receiving advice, and were satisfied (92%) with the answers from the health care provider. There were no differences in the level of comfort for asking questions or in the satisfaction with the answers received between the three groups of women ( Table 2) .
The average number of prenatal visits was 8 (range 1 to 12). Table 2 illustrates the average number of prenatal visits in underweight, normal weight, overweight, and obese stratified by GWG. There were no differences in the number of prenatal visits attended by the women from the three GWG groups. Women had prenatal visits with their family physician (61.3%), low-risk maternity clinic doctor (46.7%), and obstetrician (38.4%). Less than 10% of women had an appointment with a midwife. Women with non-optimal GWG were more likely to receive prenatal care from an obstetrician (uOR 1.3, 95% CI 1.09-1.5 for excessive GWG and uOR 1.3, 95% CI 1.05-1.6 for inadequate GWG, respectively) or a family physician (uOR 1.3, 95% CI 1.05-1.6 for women with inadequate GWG) and less likely to attend prenatal care with a midwife (uOR 0.6; 95% CI 0.6-0.8, and uOR 0.5; 95% CI 0.3-0.8, respectively) (calculated unadjusted odds ratio, uOR and 95% confidence intervals not shown in table). Approximately 8.2% (238) of women have also seen another type of health care provider at some point during their pregnancy, such as: nutritionist, endocrinologist, maternal-fetal medicine specialist, high-risk obstetrics specialist, chiropractor or massage therapist, homeopath, naturopath, emergency services doctor. The rate of accessing alternative health care providers was similar for women with adequate, inadequate, and excessive GWG. Other health care providers refer to one or more of the following: high risk obstetrics or maternal-fetal medicine specialist, endocrinologist, dietitian, chiropractor, massage therapist, emergency medicine specialist, sonographer, alternative medicine specialist etc. c N represents the number of women who answered 'yes' to receiving advice in the specific domain of prenatal counselling *p-value < 0.05 significant
Regarding the domains of prenatal counselling, most women recalled receiving advice on vitamins and mineral supplementation, and approximately two thirds on nutrition, exercise and active living, and appropriate weight gain. Less than half of women recalled advice on smoking and drinking in pregnancy. The Additional file 2: Table S1 shows women's recall of prenatal counselling stratified by maternal demographic and obstetrical characteristics, including maternal pre-pregnancy BMI, age, education, ethnicity, income, parity, and number of prenatal visits, the covariates included in the multivariable models. Table 3 shows unadjusted and adjusted association between GWG and domains of prenatal counselling. In unadjusted analyses, using adequate GWG as the reference category, there was similar recall of prenatal counselling in all domains among women with inadequate and excessive GWG. After controlling for covariates, multivariate analyses revealed no difference in the advice received on any of the prenatal counselling domains between women with inadequate and excessive GWG compared to women with adequate GWG.
Discussion
This study aimed to ascertain women's experiences with prenatal counselling on weight gain, nutrition, and diet, particularly in women who did not meet the GWG guidelines. To evaluate the relationship between the adherence to GWG guidelines and the women's recollection of the counselling received from their health care providers we assessed eight domains of prenatal counselling linked to maintenance of body weight and healthy lifestyle during pregnancy: advice on nutrition, weight gain, working during pregnancy, physical activity, intake of vitamins and minerals, and drugs exposure. The key finding of this study is that, despite most women being comfortable asking questions of their health care provider and recalling satisfactory answers to the inquires, less than two thirds of women recall advice in any of the other domains of lifestyle and behaviour counselling, regardless of their weight gain trajectory. The finding that approximately 40% of women in the study did not recall discussions with the health care provider about GWG in pregnancy suggests that either there was no discussion, or if discussed, it was not memorable enough for women. Furthermore, we report no difference in the prenatal advice received on any of the eight domains of prenatal counselling assessed between women with adequate, inadequate, and excessive GWG. The fact that the recall of prenatal counselling did not differ by GWG suggests that either there may be lack of specific, targeted information based on weight, or the information is not delivered in a memorable fashion. The observation that 33.3% of women entered pregnancy overweight or obese, combined with the finding that 64.1% had non-optimal GWG indicates that broad population health strategies combined with clinical support are required to facilitate improvements in health. Because in our study women with either of these concerns did not differ by income and social strata further supports the need for population level approaches.
Pregnancy-related weight gain is a sensitive subject, due to the common misperception of body weight among women of reproductive age [15, 16] , with overweight and obese women more likely underestimating their body weight [14] . Women believe they must gain weight to optimize fetal growth and that the weight will be lost after delivery [26, 27] . The long-standing myth Reference category: adequate weight gain uOR, unadjusted odd ratio, univariate analyses; aOR adjusted odds ratio, multivariate analyses, adjusting for maternal age, pre-pregnancy BMI, parity, ethnicity, income, time in Canada, education, number of prenatal visits "eating for two" persists and many women are discouraged when they do not easily return to their prepregnant weight [27, 28] . Health care providers should acknowledge these concerns and provide information and support to help women in making positive lifestyle choices and achieve appropriate weight gain [28] . In spite of women feeling comfortable when asking advice, there was no difference in the recollection of the advice women of various GWG received. This suggests that women did not have enough knowledge to pursue the subject with their health care provider or that the counselling was non-specific and/or not personalized to patient's needs. Emerging evidence shows that provision of adequate and targeted information by prenatal care providers about the optimization of nutrition, lifestyle and weight gain in pregnancy is predictive of meeting GWG guidelines [29] . An increase in the exchange of information, and improvement in general knowledge about the immediate and long-term effects of non-optimal GWG on maternal and fetal health, may facilitate lifestyle and behavioral changes as these conversations become normalized and may be a catalyst for future health throughout later life [11] . One-time counselling and advice for healthy eating and exercise might not help most of the women [30] . Instead, ongoing conversation over the course of pregnancy and adjusted, targeted interventions would be more efficient [31, 32] .
There was no difference in the number of encounters with the health care providers, when stratified by GWG. The reasons for our findings may stem from the fact that the practice guidelines do not clearly define the most adequate time or how many times a discussion about the healthy body weight and GWG must take place for the optimum uptake of information. Furthermore, there are no guideline recommendations regarding routine maternal weighing in pregnancy [15] . The guidelines recommend weight management during the periodic health examinations and other appointments for gynaecologic care prior to pregnancy, to ensure women enter pregnancy with a BMI < 30 kg/m2, and ideally, less than 25 kg/m2. We did not assess and consequently cannot exclude that women may have had knowledge about ideal weight to enter pregnancy or recommendations on weight gain in pregnancy from previous health care encounters. Studies have shown that most pregnant women have poor knowledge about obesity and GWG, consequences on pregnancy health and management strategies [33] . Lack of knowledge may limit addressability of these issues successfully during antenatal checks.
We acknowledge that our findings reflect women's recollection of the encounter with the health care provider and may underestimate the information provided from the clinician. Effective communication between patient and provider is crucial to motivate action and behaviour change [30] . Brief motivational interviewing has been demonstrated as an effective strategy to support patients, and evidence indicates women who perceive the clinician as supportive are more likely to adhere to recommendations [20, 34, 35] .
Recommendations for appropriate GWG and lifestyle modifications during pregnancy have changed throughout history as more has become known about this crucial time [12, 17, 36] . Pregnancy obesity guidelines and policies have been developed in many countries where obesity and excessive GWG are common, although official guidelines for maternal weight management in other countries around the world may also be needed [12, 37] . To date, there are no global maternal weight gain guidelines [12, 38] . While the IOM guidelines can be confidently used and are broadly appropriate for various populations, there is a paucity of country specific target GWG based on pre-pregnancy BMI. Fifty-three countries have reported so far having either a formal or informal policy regarding maternal weight [39] . Only 8% of the countries included policies on all 4 fundamental domains of obesity in pregnancy: 1) assessment of maternal weight at the first prenatal visit (90%); 2) monitoring GWG during pregnancy (81%); 3) providing a target GWG and recommendations to women about healthy GWG (62%); 4) returning to a healthy postpartum weight (13%) [39] .
The Canadian guidelines on Obesity in Pregnancy include recommendations on counselling of obese pregnant women with BMI > 30 kg/m 2 on pregnancy risks associated with obesity, weight gain, nutrition, and food choices during prenatal counselling sessions [40] . The guidelines suggest that, ideally, these should be offered prior to pregnancy so that health status of mothers be optimized before conception [40, 41] . The guidelines also stipulate that all women should be encouraged to participate in regular physical exercise during their pregnancy, either regular aerobic and strength-conditioning activities consistent with the joint recommendations by the Society of Obstetricians and Gynaecologists of Canada and the Canadian Society for Exercise Physiology [42] . Whereas our study did explore prenatal advice on diet, GWG, and physical activity, the questions proposed to the participants allowed recollection of any type of advice on the counselling domains and did not specify the type of physical activity or dietary intake. We did not ask women if they received counselling on the safety and pregnancy-related health benefits of physical activity or lifestyle modifications. No objective measures of physical activity during pregnancy were included in our study, which relied on self-reported assessments of physical exercise prior and during pregnancy. Nevertheless, although the obesity in pregnancy guidelines stipulate that pregnant women should to be encouraged to a healthy lifestyle during pregnancy, does not provide specific recommendations on the reasonable goals to maintain a good fitness level throughout pregnancy [42] . Furthermore, the guidelines does not include recommendations stratified by BMI or GWG category, as the role of behavioral therapy and caloric restriction in obese women to prevent excess GWG has not been established [40] . The Exercise in Pregnancy Guideline while recommending regular physical activity during pregnancy to improve or maintain physical fitness and weight management, does not advise on the optimal intensity, frequency and type of exercise, or most effective counselling methods. Further research is needed to study the effects of exercise on obesity in pregnancy and outcomes [43] .
There are no studies on the effectiveness of physician counselling related to preventing excessive GWG and only a handful of studies assessed the level of implementation of guidelines into clinical practice [44] . Beside providers' personal factors, such as difficulties in discussing a sensitive topic and insufficient training, managing a life-long chronic problem in an acute care model, time limitations, few available resources (as the rhythm of increase in obesity prevalence in women of reproductive age worldwide overcomes the resource development), and lack of a team work model for delivery of health care represent barriers in implementing the guidelines [30, 45, 46] . The GWG counselling practices are also dependent on the priority level the health care provider places on the topic, which appears to be influenced by the length of time for appointments, financial compensation, and model of care, midwifery versus medical [44, 47] . The physician alone should not be the single resource to help and advise these women; dietitians, nurses, midwives, behaviorists and exercise therapists may often be in a much better position to provide appropriate advice and counselling [47] . Therefore, more research is needed to identify the provider barrier to addressing GWG not only during pregnancy but also before and after pregnancy, as well as how to overcome those barriers [48] .
Conclusions
Our study suggests there are missed opportunities in knowledge exchange between women and health care providers in the prenatal period targeting prenatal advice to address the needs of women of all weights but specifically those with increased body weight and non-optimal GWG.
Our report calls for improvements in surveillance of GWG and recommends that health professionals adopt and endorse the professional societies guidelines. The report also calls for the guidelines to be largely publicized to increase public awareness to optimize health prior to and during pregnancy and to normalize health behaviours such as exercise and nutrition. In order to help women to achieve the adequate GWG we call for additional prenatal counselling during which health care providers need to offer counselling, strategies, and support for healthy weight gain, physical activity, diet, and nutrition tailored to women's particular life circumstances. Addressing the issue of weight gain during pregnancy and its consequences at prenatal counselling may provide benefits well beyond a woman's immediate well-being, supporting her future pregnancies and a better health status later in life for her and her children.
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